ABSTRACT
This report describes the adaptation of the See-Through Camera app to neurosurgery and its integration with surgical procedures. This app was designed for smartphones and tablet computers and transparently merges existing photographs as layers. It can be downloaded free from the Apple Store for use in iOS-based smartphones and tablets (https://itunes. apple.com/us/app/see-through-camera/id915347544?mt=8). It is beyond the scope of this article to discuss how to design future, hand-held neuronavigation systems.
█ MATERIAL and METHODS

Patient Selection
The study included 20 patients-8 men and 12 women-who had undergone neuronavigation-guided (BrainLab, Munich, Germany) transcranial surgery for superficial brain tumors located on the lateral cerebral convexities. All patients were assessed preoperatively by images obtained from the neuronavigation system. Surgical planning, including patient position, identification of the tumor location and scalp boundaries, the skin incision, and the size, shape, and re-implantation of the bone flap for the optimal surgical field, was conducted considering these data. Patient age ranged from 8 to 42 years. Preoperative surgical planning and preparation surgery were both entirely navigation assisted. Informed consent was obtained from patients.
Procedures
Drawing the tumor and bone flap figure on the scalp: The tumor location and boundaries and the designated bone flap to be created during craniotomy with guidance by the neuronavigation system were identified and clearly drawn on the scalp. The maximum estimated size of the tumor was drawn.
Step-wise implementation of See-Through Camera app:
Step 1: A recent magnetic resonance image that included the most lateral/superficial part of the tumor on sagittal section was initially displayed on-screen ( Figure 1A ).
Step 2: The border of the tumor was drawn in each sagittal slice from lateral (superficial) to medial (deep) ( Figure 1A -E).
Step 3: The middle sagittal (main) image, the image passing through the sagittal sinus with the third ventricle, medial cerebral gyral anatomy, and the nose, was displayed on screen. Lateral views of the tumor boundaries and the midsagittal anatomic structures were merged with See-Through Camera app to form an image on a smartphone or tablet computer as shown in Figure 1F .
Step 4: A photograph of the patient was taken, and the picture was edited by touching the image on the screen. The region of the photo corresponding to the touched area of the display Step-wise drawing of tumor boundaries from lateral to medial sagittal MR images on the display (A-E) and creating the main image that includes the successive figure boundaries and the median sagittal image (F).
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was erased, and the resulting transparent area revealed the image of electronic device (Figure 2A-B) . Editing the main image, while keeping visible (not touching) the line on the head surrounding the tumor, erased the area within the contour of the head and neck.
Step 5: The last step was fitting the contour of the camera image of patient to the transparent space within the appedited main image ( Figure 2C -E). Some prominent landmarks such as the inion, nasion, and tip of nose should be when contour fitting. After image fusion and optimum display coupling, a new photo was taken of the magnetic resonance (MR) image and patient head ( Figure 2F ).
Comparison criteria and scoring:
The superposition ratio of the tumor image (SRI) generated by See-Through Camera on the smartphone display and the schematic drawing of tumor inside the designated craniotomy bone flap figure was the primary criterion. Microscope-integrated neuronavigation systems have been approved for medical use and their accuracy has been confirmed. The See-Through Camera app was tested and compared with the BrainLab navigation Microscope-integrated neuronavigation systems are used in almost all neurosurgical procedures. Preoperative visualization of lesions and determination of tumor location by microscopy improves surgeon comfort and subsequent surgical outcomes. With an increasing rate of usage of portable communication devices in recent decades, software developers have worked hard to make hand-held computers smarter and increasingly better adapted to daily and business-related activities (19) . Medical software developers comprise a small subcategory of the smartphone app industry. Compared with other categories, these apps are less popular and are less developed (16, 17) . Although there are thousands of medical apps for Apple, Android, Google and Blackberry operating systems, the number of effective and convenient apps used in medical decision-making and stage implementation is still less than expected. Additionally, apps used for surgery and approved as a surgical device applied to invasive procedures still do not exist. Although there are radiological image viewer apps for portable computers used as microscope displays, they are not considered medical or surgical devices (20) .
In July 2011, the United States Food and Drug Administration classified mobile medical applications as apps on a unit. The scoring system was based on the extent to which the tumor image on smartphone screen was superimposed on the tumor projection on the scalp that was estimated by the navigation system. If the tumor image on the smartphone display fits the on-screen tumor figure derived by the navigation system by 80%-100%, a maximum score of 5 points was given. For every 20% reduction in superposition, the score was decreased by 1 point, reaching 0 for no correspondence.
█ RESULTS
Marking the tumor in each sagittal section on monitor display, transferring the images to the app, re-configuring the main image, and fusing the camera image of patient with the edited radiological image consisting of only the tumor took approximately 10 min. According to our scoring system, five patients scored 5 points, seven patients scored 4 points, four patients scored 3 points, one patient scored 2 points, two patients scored 1 point and one patient scores 0 points. All the surgical procedures were guided by the microscope-integrated neuronavigation system, and all were successful, with complete resection of the tumors. The patient characteristics and app performance scores for each procedure are shown in Table I . or tablet computers working with their own specific apps (e.g., sphygmomanometers, blood glucometers), no portable hardware-software combination is currently approved for use in invasive procedures. Although See-Through Camera is a photography application not designed for medical use and not approved for use in any part of a surgical procedure; it is instructional in suggesting how to creating future pocket navigation systems and might serve as the basis of such a unit.
The primary aim of the study was to determine whether an app could be applied to neurosurgical procedures and used at any surgical stage. As stressed above, none of the surgical procedures was planned using this app, but its usefulness and accuracy in finding the location of tumor were tested in wireless device that are accessories of medical devices, apps converting a mobile platform to a medical device, or apps that include patient data used to guide physicians (1, 15) . In January 2016, the names of 80 apps included in medicine category were retrieved when the search word was 'neurosurgery'. Most of those apps were educational, and were developed by professional organizations or for academic meetings, easy access to journal official websites or free books. Some apps were designed to guide neurosurgeons in disease/disorder management and surgical decision-making. Others were 3-dimensional neuro-anatomic animations, or useful in applying grading and classification systems or treatment guidelines. None of the available apps could be used in any part of a surgical procedure. Although some attachable medical hardware is compatible with smartphones Contour fitting of two images (F). It should be noted that calvarial artificial markers increase the sensitivity of the application and allow more accurate superposition of the two images.
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See-Through Camera is that the adjustable transparency of the background picture ( Figure 3B ). Also, other useful options of the iOS app are ability to change the editing mode, pen size, camera resolution. The camera input provides a muchappreciated service for practitioners.
There are professional drawing or illustration apps designed for computers that allow merging of multiple pictures as multiple layers with several opacities. Compared with comprehensive drawing software, the ability to merge only two image layers may seem to be a disadvantage, but this smartphone/tablet app has the advantage of practicality. Smartphones and tablets may be preferable for use in surgical procedures because of their portability and size. Apps provide extra functionality to these devices and broaden their use in every professional sector. In the future, these devices may be developed as miniaturized neuronavigation systems. Integrated laser probe accessories may map the patient's face and combining those with MR images may be able to create a 3-dimensional image of the patient and the pathology.
█ CONCLUSION
The See-Through Camera app was found to have potential applicability to surgical practice and anatomical study. The app has not been approved for medical use, but may be used to add value to and facilitate medical training and training in anatomy. In the future, cooperation of software and hardware developers and health care professionals may give rise to portable neuronavigation systems and microscopes small enough to be carried in surgeons' pockets. The concept described in this report may sensitize neurosurgeons to this improving and expanding technology and may lead them to create convenient and comprehensive apps in surgical practice.
comparison with data obtained using a BrainLab navigation system. Superposition of images was distorted with decrease in tumor size and localization decreased in accuracy with distance from the centre of lateral convexity of the skull. Contour fitting of the main image and that of the patient's head involves superposition of transparent tumor and scalp images. For optimal image fusion, the outlines of the images should be clearly distinguishable and the image contours should be regular. Some circumstances such as presence of hair or poor resolution of the scalp surface image may cause failure in merging of two pictures. Placing additional MRcompatible on the scalp may facilitate image matching ( Figure  3A-F) . Although, no case of midline cerebral pathology was included in this study, and the accuracy and compatibility of the app should be evaluated in such patients, it may be effective in finding an access route to tumors located in the midline ( Figure 3A-F) . See-Through Camera may also have neuro-anatomy applications ( Figure 4A -C). Comparison and examination of the location of deep and superficial brain structures with each other and with radiographic visualizations of these neuro-anatomic regions in a single picture may be feasible. The app may also be useful for preparation of neuroanatomic studies and presentations, and illustration of the anatomic relationships of brain structures in instructional figures.
Only one medical app designed for localization of supratentorial lesions prior to surgery was found. The app, Sina Neurosurgical Assist, is used to assist image-based scalp localization, and uses the same photography technique as See-Through Camera (4, 5) . Both apps superimpose a transparent photograph over a real-time camera image. Sina is an Android app available at the Google Play Store (https:// play.google.com/store/apps/details?id=sina.neurosurgical. assist&hl=en), and See-Through Camera is an iOS app that can be downloaded from the Apple Store. An advantage of 
